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‘J’his paper will dcscribc the production o{ the Ancillary Cicographic l’roduct (AGP) in support
of the Ikulh Observing Systcm (IiOS) Mu]ti-angle ]maging Spcctrc~Raclic)l~}ctcr  (M[SR)  instrument
data processing. ‘1’hc ACII’ is essentially a global database of geographic properties, tailor-cd (o the
needs of the MISR  mission, “1’hc A(;I’ cxmsis(s  01 paramc[ct-s  on cithc~ 1.1 or 17.6 km spacings
rcporling average sccnc elevation, poin( clcvalion,  standard deviation 01 clcva(ion, slope graclicnt,
slope aspcd,  Iardwalcr  idcnti(ict-s, and other pat-amcters spccilic to hlISR needs. “1’hc elevation d
clcv;ltic)rl-clcri vccl parameters Gotnc primarily from a degraded f-csolutim vcmion 01 the I)clcnse
Mapping Agency (I)MA) l)igi[al ‘Ikrrain Illcva[ion l)a[asc[ (I Y1’l;I)). I,and/water idcn[ificrs were
SLlpp] iCd  by (hC I)MA Wodd vCCtof” shoKli IK (Wvs). “1’hC pillillNCkYS WC  Kporkd 111 ~ plWdCtCi-

minccl Space-Oblique Mcrca(or  (SOM) map projection which matches the storasc  of other data
from MISR.  ‘l”hc AGP is made up of” 233 pat-is, corresponding to the prcdictccl 233 rcpca( mbits of
the EOS AM-1 spacccraf[. Within each of the 233 AG1’ orhi[s, the data is hrokcn LIp inlo equal-area
block  along the swath, in an c~rg:~r~iz,:l[i(lt~;il schcnlc analogoLIs”  to lhc 1,andsat V’orldw,idc Rct’cr-
cncc Systcm (WRS) Path and Row storage.

1.() INS1’RLJM1~NT  OVI;RVI[;W

MISR (I)iner et al., 1993) will bc launchecl  il)to  polar orbit on the Iiarth Observing Systcm (EOS)
AM 1 spacecraft in JLI]K 1998. 1[ contains nine push-broom cameras to observe at fixecl view angles, Icla-
tive to the surface normal, of 0° (nadir), 26.10, 45.6°, 60.0°, and 70.5° fore ancl aft of nadir using charge-
coLIplecl device ((X1))  line arrays filtered  to 443, 555, 670, atld 865 nm. The line arrays consist of 1504
photoactive pixels plus 16 Iigl]t-shielded pixels per army, each 21 pnl square. ‘1’hc overlap sw,iith  Iviclt}]
seen in common by all nine c:immts  is 360 km, which provides global  multi-angle coverage  of the entire
Hart}] in 9 clays at the equator, and 2 days at the poles. ‘1’hc cross-track instantaneous field of view (I}:OV)
atld sample spacing of each pixel  is 27.S m for al] of the off-nadir camcr: is, and 250 m for the nadir camera.
Along-track ll~OV’s  depend on view ang]c, ranging from 250 m in the nadir to 825 m at the most oblique
angle.  .Samplc spacing in the along-track direction is 275 m in all cameras.

2.() PROCESSING CON’I’EXT

‘1’he AGP is essentially a global clatabasc  of geographic properties, tailored to the needs of the MISR
mission. The AGP is utilized in the creation of all MISR science retrieval proclucts throllghout the mission
ancl is required for the interpretation of those products. l’hc parameters in this product are reporkd  in a
Space-Oblique Mercator (SOM) map projection. ‘1’hc map resolution of the projection is 1. I km; this
defines  the horizontal sampliilg  for most of the parameters. ‘lThc horizontal d:itum,  or surface-basis, for the
projection is the WGS84 ellipsoicl.  This map projection and surface-basis is identical to what will bc used
for all the MISR science retrieval parameters.

* plc~clllccI at ttlc q’wclfttl ]Iltcrll;ltior]zll Cmfercncc and Workshops on Applied Geolo:ic Kcn]otc  Sensing,
Iknvcr, Colorado, 17-19 Novcmbct- 1997.



The AGP shall consist of 233 parts  (of onc 01 more files), corresponding to the 233 repeat orbits of
the EXE AM- 1 spacecraft, The length  aad wiclth  covcrcd by the AGP neecls to be large enough to contain
the maximum overlap width of the swath SCM by all nine MISR camera views. This width varies per lati-
tude to a minimum near the poles and a miximum of 378 km near the equ:ttor.  The length of the AGP cov-
ers the maximal starting and ending points of tk MISR instrument mapping of the surface. Since a
mapping swath runs from terminator to terminator for every orbit, the AGP must run from the terminator of
the summer solstice at the north cnd of the orbit and the terminator of the winter  solstice at the south end.

3.() PR()(YXSING  OIJTI,lNI;

The first  step in the creation of the AGP is the construction of the IJEM Intermediate I)ataset (1)111).
The 1)11) is the basic input dataset  rccplircxl  for the mmtion of the MISR Ancillary Geographic Product
(AGP). The IJIIJ is essentially an clmwtion  database for the entire F;arth stored  in a Plate Carr& (simple
cylindrical) projection at 3 arc seconcl  resolution. ‘1’hc ckvatioa  values conw primarily from the. I)cfcnse
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Figure 1: AG1’ Generation Activities Before and After launch

Mapping Agency (l) MA) I)i,gital  Terrain Hkvatioa l)ataset (lY1’E1)) which has been adjusted from Mean
SC:; 1.e~cl (hflSL) to the WGS84 ellipsoid and normalized bctwccn 10 cells by using a block a(ljustment
tcchnic]uc  [4]. Additional data sources, such :is the l)MA l)igital  Chart of the World (IXW) Hypsography
(i.e., vector elevation contours) and HT0P05  datascts, have also been used to fill in gaps in the I)TED In



addition to elevation, the 1)111  also currently supplies a laad/ocmn mask dexivecl from the I)hfl A World
Vector Shoreline (WVS) and mctadata  giving  a qoality  mcasorc  and source for each 10 by 10 cell.

After the 1)11) was built, the next step was to project the 1)11)  region  by region  into an equa-area pro-
jection.  Currently, the Albcrs I+@d-Area projection has been chosen. All of the remaining parameters of
the AGP are then calculated on the equal-ma projection. Also nccclcd  ~it this stage are bathymctry  data
from ETOPOS to cletermine  the llwk  Water Algorithm Suitability mask. The result  is the pm-launch AGP
lnmmeciiate Dataset  (AGPII)).  lJiaally,  the paramters arc projcctccl  to predetermined blocks in a Space
Oblique Mercator projection. The after launch  IiOS orbit parameters arc neecled  for the SOM projection.

1.

2.

3.

4.

5,

4.0 A1,GORITIIM INPLJT

lMIE1); The IJcfense  Mapping Agmcy (I) MA) I)igital Terrain }ilcvation  l)ata (l Y1’lilJ)  level 1 is a
global I)HM dataset  sopplicd  on Cl)-ROM. The data ;ire in a Plate Carr6c (simple cyclinclrical)  map
projection, The Level 1 post spaciag is 3 arc scconcls  (approximately 100 meters). The horizontal
datum is the World ~kOdetiC Systcm 1984 rcfmnce ellipsoid. lnitial]y,  the vertical clatum is Mcm  Sea
I.evel (MSL). I>uring the construction of the AGP, the elevations are adjustccl  to the WCTS84 ellipsoid.
WVS (lancl/water mask): ‘1’hc I)MA World Vector Shoreline (WVS) product was used to separate lami
from ocean/sea areas. The product was derived from digitizing 1:250,000 map sources where avail-
able, ancl 1:389,000 navigation charts when higher resolution products were not available. The vector
data have been convcrtcd by the Cartographic Applications Clroup (CACJ) at JPL, to a raster mask of 1.1
km cells.
1X2W ~~sommhy~ The l)MA had the I)igital  Chart of the World (lXW) prepared from its global
inventory of 1:1,000,000 scale map products. ‘] ’hcsc maps colltaia elevation contours for every 1000
foot elevation and a file of spot height  elevations. Conformity of the elevation model to drainage basin
terrain is accomplished by using the DCW hydrogtaphic  file of rivm/streams [2]. The resultant eleva-
tion model is converted from feet and MSL to meters above  the WGS84 ellipsoid.
EX3P05  (elevation and bathvmctl- v): T’hc 143’01’05 is a global datasct originally developed by tbc
I)MA, and later comwrtcd to WGS84 by the National Geophysical l)ata Center (NGIIC). ETOP05  is
grid raster providiag  elevation above  sea ICVCI aid depth below sca level  at 5 arc miaotc postings
(approximately 10 km). The data sources were the 1:1,000,000 series over I:ind (Operational Navig:i-
tion Chart), and the Nautical Charts available over the ocean.
EOS orbit ~~aramctcrs:  The SOM map projection rcc]u ircs parameters that descl  i be the EOS spacecraft
orbit. These include the angle of inclination, the orbit time required for the revolution of the spacecraft,
and the geodetic lotlgituc]e  of the ascending node for each of the 233 repeat orbils.

5.0 THIK)RF3’ICAI , l)liSCl<l P1’ION - CA1.CU1  .AI’E AG1) PAR AMtI1’HRS

5.1 Average  scene elevation

This is the orthometric  height averaged over the SOM grid location measured relative to the WGS84
ellipsoid. It is calcolatcd  by taking the mean of all clcvaticm  values within the 1.1 kltl grid on the equal area
projection. If sob- 1.1 km elevation values zm not :ivailab]c,  the nearest clcvatioa  value in a lower resolw
tion clatasct  is used. Since the 1)11)  has elevation valacs recorded relative to Mean Sea I.evel, gcoid  undula-
tions are also accounted for, in order to calculate height relative  to the ellipsoid.



5.2 Point elevation

l’his  is the ellipsoidal (geoclctic)  height relative
to the WCiS84 ellipsoid. It corresponds to the points 1.1 km

with geographic locations defined  to be 137.5 m south

‘“ngi’”desbeva’ion

and 137.5 m east of the points representing 1.1 km Geographic
grid centers (see diagram below). III order  to obtain ‘atitudeI
the most accurate point elevation given the accuracy
of the original source the computation consisted of the
following steps: 1 ) I)cfinc  the geographic location of
the point sclcctccl  to have point elevation (add oft’sets
of 137.5 m to the SOM grid centers). 2) Compute the 275 m
latitude and Iongituclc  of these points in order to relate
thcm to the coordinate system of the input 1)11).  3) usc bilinear interpolation to compute the elevation
which corresponds to the point clefincd in 1). ‘1’his  point will be surrounded with 4 elevation postin~s at 3
arcsec in the 1)1[1. These 4 postings arc used as input to the bilinear interpolation. 4) From tbc elevation
obtained in 3) subtract the amount of gcoid  undulation corresponding to this geographic location.

5.3 Standard deviation of scene  elevation

This parameter has two possible definitions: I ) If sub- 1.1 km spatiiil  resolution data arc used to
cictcrminc  the average scene elcv:ition  for the grid location, then this is the standard deviation of those data
values 2) in regions where  sub-1. I km data are not :tvailable  or when less than three  values  arc available to
calculate the aver~ige scene elevation, a flag will be entered which specifies the data source.

5.4 Regional  average scene elevation

‘l%is is the orlhomctric  height averaged over a I 6
WGS84 ellipsoid. It is calculated by taking the man of
km

5.5

5.6

re ion.~

Regional standarcl  deviation of scene elevation

This is the standard deviation of the 16 x 16 array

Average surface-normal mn it h angle

x 16 SOM  grici locations measured relative  to (}1c
all average scene elevation values within the 17.6

c~f 1.1 km data that make up the 17.6 km region.

The ~iverzige surface-normal mm ith angle rcprcscmts the average slope gradient angle at the grid loca-
tion. It is the angle between the vector normal to the best-fit surface usitlg the data input to the average
scene elevation calculation and the vector normal to the w~Js84 ellipsoid. The algorithm chosen h:is  been
determined  by the U.S. Army Topographic }lnginecring  Center  (rI’EC) to have the best performance [5].
This algorithm is also the one used by the I+SRI AR(YINFO GIS utility [2].

A 3 x 3 pixel wimlow is used to calculiitc  the slope gradient at each pixel. For a pixel at location X,Y,
the aver.ge scene elevations around it arc used to calculate the slope .gradicnt  as shown below:
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F’irst, the average elevziticm  changes per unit of distance in the x aad y clircctim  (Ax aacl Ay) ate cal-
Culatecl as:

A.I = [(a+ 2d+g)-(c+2~+i)]/(8 xw)

Ay = [(a+2h+ c-(g+2h+i)]/(8X}t)
(1)

1.1
where WI is the pixel width, which is equal  to either: 1 ) — km, if sub-].1 km data is available, or 2)

3
1.1 km, otherwise. The average surface-normal zenith  angle (slope graclicnt) in degrees at pixel  x,y is then

[

&X)2 + (h92calculated as:  s = atan —
2

1

5.7 Stanclarcl  deviation of seem clcvatioa  relative to mean slope

Consider a right-hand local Cartesian coordinate system in
which +x points to North, +y points Mist,  ancl the z,-zixis is
the local ellipsoid norlnal  with +Z pointing into the I;arlh,
and -z. pointing upward. The normal vector to the plane

describing the man surf:icc slope, fi , is given by:

[1sins . cosa
;= sin,f . sin[{ (2)

L -COS.V  j

If the plane parallel to the mcaa surface slope goes through an altitude }~o at the origin (x = y =0),

then,  for an arbitrary x, y the height on this plane is 1~(.x,  y) = 1~() – tans . (xcosa + ysina)  wheres  is

the average surface-normal zenith angle described in \5.6  and c{ is the average surface-normal azimuth
angle described in $5.8. la orclcr to calculate the staaclard  d~vii~tiot]  of the heights relative to the heights on
the Incarl slop surface, after we have sol vccl for 1~(), s, iilld (I, calculate:



‘v /(. -.]
(3)

5.8 Average  surface-normal azi mu[h arl.gle

The average surface-normal azi math  angle represents the average aspect of the slope at the grid loca-
tion. It is the mgle  between the horizontal vector 10 local North and the horizontal projection of the sur-
face-normal vector, cvaluatccl in (hc horizontal plane tangcat  to the WCiS84 ellipsoid.

lfsing the same 3 x 3 pixel window that was used for the average surface-normal zenith  angle, the
average elevation changes  per unit of distance ia the x and y dircctioa  (Ax and Ay) are calculated as:

A.x = [(a+ 2d+g)-(c  +2, f+i)]/(8  x]t)

Ay = [([i +2 b+c)-(~+ 2h+i)]/(8x}t’)
(4)

where w is the pixel width, which is equal to either: I ) ~ km, if sub-1 .I km data is available, or 2)

1.1 km, otherwise. The average surface-normal azimuth aaglc (slope aspcc[)  in degrcm at pixel x,y is then

( )

A.x
calculated as: a = atan —A>)

5.9 I ,ancl/water  identifiers

The land/water idcatitkrs  arc classification masks Iabclling  grid locations with wilues  signifying
land, ocean, inland water, ephemeral water, and coastl  inc.

1.
2.
-3. .
4.

5.

land  identifier: Grid is identified as containing all land.
(3ccaIl  identifier: Grid is identified as containing all ocean.
lnlmd water identiticr:  Grid is identified as containing all inland water.
-leral water identifier: Grid is idcn(ificd  as containing any ephemeral water basccl on 2 km reso]Ll-
tion threshold from the I)CW Water Iloclics  file.
Coastline identifier: Gricl  is identified as containing a mixture of land ancl ocean or land and inland
water.

5.10 I)ark Water Algorithm Suitability mask

Grid is identified as either  ocean or inland water and is at least 5 km distaace from a lanLi  grid in any
direction and has a water depth of greater than 50 meters as recorded in F. TOP05 bathymetry  data.



6.0 THFX)RIITICA1 / l)}iSCRIPTlON  - PRO JFC1’ TO SOM

6.1 Space ~)blique  Mercator Map (SOM) Pmjcction

‘I%c S(3M system is a sp~ice-based  map pmjcction,  based on the [)b!ique  Mercator projccticm,  where
the reference meridian nominally follows the spacecraft ground  track. It pmvicles  a m;ippiag from latitude/
Imlgitude  to a coordinate system that is approximately aligned with the MISR swath. For the algorithm
cicscription  of the transformation to the SOM map projection, which is quite complex, the reader is referred
to reference [6].

6.2 Calculation of AGP block locations

A conceptual schematic for the calculation
to determine the AGP block locations is shown ill
Figure 2.

multiple

Since the MISR instrument acquires data , ~ ~ [~
from terminator to terminator duting any one “
orbit, in orcicr  for the AGP to cover all possible
orbits ciuting a year, the AGP blocks must run
from the summer’ solstice terminator crossing in
the north to winter solstice terminator crossing in
the south.

in addition, individual blocks arc posi-
tioned according to several rccjuiremcnts,  shown
here at right. }iach equal-simc]  block has a width
and a length which is a multiple of 17.6 km.
Iiach consecutive block is ccntcrcd  ascloscly  as
possible tothcsJ~acecraft  groundt rack, withthc ~e~~”m
rule that any cross-track shift  can only be made
in multip]csof  17.6 km.
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l~igurc  2: AG1’ blocks along an SOM projection


